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CHIP RESISTOR AND METHOD FOR MANUFACTURING SAME 

TECHNICAL FIELD 

The present invention relates to a chip resistor and a 
method for manufacturing the same. 



BACKGROU N D A RT 

Fig. 11 of the present application shows the prior art 
chip resistor disclosed in JP-A 2002-57009. The chip resistor 
includes a resistor element 90 made of metal, and a pair of 
electrodes 91 provided at the lower surface of the resistor 
element. The electrodes 91 are spaced from each other by a 
predetermined distance S 6 . Each of the electrodes 91 has a 
lower surface formed with a solder layer 92. 

The prior art chip resistor is manufactured by the method 
shown in Fig. 12. First, two metal plates 90' and 91' are 
prepared (ST1) , and the metal plate 90' is bonded to the upper 
surface of the metal plate 91' (ST2) . Subsequently, the metal 
plate 91' is partially cut away by machining to form a gap 93 
(ST3) . Then, a solder layer 92' is formed on the lower surface 
of the metal plate 91' (ST4). As a result, an intermediate 
assembly made up of the metal plates 90' , 91' and the solder 
layer 92' is obtained. Finally, the intermediate assembly is 
cut to provide an intended chip resistor (ST5) . 

The above chip resistor has the following drawback. As 



shown in Fig. 11, the resistor element 90 of the chip resistor 
is supported by the electrodes 91 spaced from each other. With 
such a structure, the chip resistor 90 may bend or break when 
an impact force is applied to the center portion of the chip 
resistor. Such an impact force may be generated in 
automatically mounting the chip resistor on a circuit board 
by using a suction collet, for example. 

DISCLOSURE OF THE INVENTION 

The present invention is conceived under the 
circumstances described above. It is, therefore, an object 
of the present invention to provide a chip resistor which is 
not damaged even when such an impact force as described above 
is applied to the chip resistor. Another object of the present 
invention is to provide a method for manufacturing such a chip 
resistor . 

According to a first aspect of the present invention, 
there is provided a chip resistor comprising: a resistor 
element including an electrode forming surface, at least two 
electrodes provided at the electrode forming surface, and an 
insulating layer provided at the electrode forming surface. 
The electrode-forming surface includes an inter-electrode 
region positioned between the two electrodes and covered by 
the insulating layer. The insulating layer has a thickness 
which is equal or generally equal to a thickness of the 
electrodes. 

Preferably, the thickness of the insulating layer is 



smaller than the thickness of the electrodes. The difference 
between the thickness of the insulating layer and the thickness 
of the electrodes is so set that, when the resistor element 
flexes upon receiving a load, the insulating layer comes into 
5 contact with a flat mount surface before the resistor element 
is damaged. 

Preferably, the thickness of the insulating layer is 
smaller than the thickness of the electrodes. The difference 
between the thickness of the insulating layer and the thickness 
10 of the electrodes is set to be smaller than the maximum 
deflection 5 max of the resistor element when the maximum bending 
stress a max produced in the resistor element reaches the elastic 
limit a y of the resistor element. 

Preferably, the insulating layer is formed by thick film 
15 printing. 

According to a second aspect of the present invention, 
there is provided a method for manufacturing a chip resistor 
comprising the steps of pattern-forming an insulating layer 
on an electrode forming surface of a resistor element material, 

20 forming a conductive layer on the electrode forming surface 
at a region where the insulating layer is not formed, the 
conductive layer having a thickness which is equal or generally 
equal to a thickness of the insulating layer, and dividing the 
resistor element material into a plurality of resistor elements 

25 each in the form of a chip. The division of the resistor element 
material is so performed that each of the resistor elements 
in the form of a chip includes part of the insulating layer 



and electrode portions spaced from each other by the part of 
the insulating layer. 

Preferably, the pattern-forming of the insulating layer 
is performed by thick film printing. 

Preferably, the formation of the conductive layer is 
performed by plating. 

Preferably, the division of the resistor element material 
is performed by punching or cutting. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is perspective view showing a chip resistor 
according to a first embodiment of the present invention. 

Fig. 2 is a sectional view taken along lines II-II in Fig. 

1. 

Figs. 3A-3C are perspective views showing part of process 
steps of a method for manufacturing the chip resistor. 

Figs. 4A and 4B are perspective views showing the process 
steps to be performed after the process step shown in Fig. 3C. 

Fig. 5 is a perspective view showing part of process steps 
of another method for manufacturing the chip resistor. 

Figs. 6A and 6B are perspective views showing the process 
steps to be performed after the process step shown in Fig. 5. 

Fig. 7 is a sectional view showing a chip resistor 
according to a second embodiment of the present invention. 

Fig. 8A is a sectional view showing a chip resistor 
according to a third embodiment of the present invention. 

Fig. 8B is a bottom view showing the chip resistor of the 



third embodiment. 

Fig. 9A is a sectional view showing a chip resistor 
according to a fourth embodiment of the present invention. 

Fig. 9B is a bottom view showing the chip resistor of the 
5 fourth embodiment. 

Fig. 10 is a perspective view showing a chip resistor 
according to a fifth embodiment of the present invention. 

Fig. 11 is a perspective view showing a prior art chip 
resistor . 

10 Fig. 12 shows a method for manufacturing the prior art 

chip resistor. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Preferred embodiments of the present invention will be 
15 described below with reference to the accompanying drawings. 

Figs. 1 and 2 show a chip resistor according to a first 
embodiment of the present invention. The illustrated chip 
resistor Al includes a resistor element 1, a first insulating 
layer 2A, a second insulating layer 2B and a pair of electrodes 
20 3. 

The resistor element 1 has an elongated rectangular 
configuration and has a uniform thickness. The resistor 
element 1 can be made of a metal material such as Ni-Cu-based 
alloy, Cu-Mn-based alloy and Ni-Cr-based alloy. The metal 
25 material for making the resistor element is not limited to these, 
and other metal material may be used as .long as it has a 
resistivity suitable for the size and the intended resistance 



of the chip resistor Al . 

The first and the second insulating layers 2A and 2B are 
made of epoxy resin, for example. The first insulating layer 
2A is formed on the lower surface (electrode forming surface) 
5 10b of the resistor element 1, whereas the second insulating 
layer 2B is formed on the upper surface 10a of the resistor 
element 1. Specif ically, the lower surface 10b of the resistor 
element 1 is made up of regions formed with . elect rodes 3 and 
the remaining region (hereinafter referred to as "inter- 

10 electrode region") . The first insulating layer 2A covers the 
entirety of the inter-electrode region. The second insulating 
layer 2B covers the entirety of the upper surface 10a of the 
resistor element 1. 

The paired electrodes 3 are spaced from each other in the 

15 longitudinal direction of the resistor element 1. Each of the 
electrodes 3 is made of copper, for example. As shown in Fig. 
2, each electrode 3 adjoins an end surface 20 of the first 
insulating layer 2A. Therefore, the distance between the two 
electrodes 3 is equal to the length s 1 of the first insulating 

20 layer 2A. Each of the electrodes 3 has a lower surface formed 
with a solder layer 39 for providing good solderability . For 
instance, the resistance of the chip resistor Al (resistance 
between the paired electrodes 3) is set to the range of lmQ 
to lOOmQ. 

25 The thickness t x of the electrodes 3 and the thickness t 2 

of the first insulating layer 2A are equal or generally equal 
to each other. With such a structure, the resistor element 



1 can be supported by the two electrodes 3 and the insulating 
layer 2A. Therefore, as compared with the prior art chip 
resistor (Fig. 11), the chip resistor Al of the present 
invention is unlikely to be damaged even when an impact force 
5 is applied to the center portion of the resistor element 1. 

Next, a method for manufacturing the chip resistor Al will 
be described with reference to Figs. 3A-3C and 4A-4B. 

First, as shown in Fig. 3A, a plate 1A made of metal and 
having a uniform thickness throughout the entirety is prepared. 

10 The plate 1A has a size (length * width) capable of providing 
a plurality of resistor elements 1. As shown in Fig. 3B, an 
insulating layer 2B' is formed to cover the entirety of the 
upper surface 10a of the plate 1A. The insulating layer 2B' 
may be formed by thick film printing of epoxy resin, for example . 

15 On the obverse surface of the insulating film 2B' thus formed, 
marks may be formed, as required. Subsequently, as shown in 
Fig. 3C, a plurality of insulating strips 2A' extending 
parallel to each other are formed on the lower surface 10b of 
the plate 1A. The insulating strips 2A' are spaced from each 

20 other by a predetermined distance in the lateral direction in 
the figure. The insulating strips 2A' is formed by thick film 
printing using the same resin material and apparatus used for 
forming the insulating layer 2B' . By thick film printing, each 
of the insulating strips 2A' can be precisely formed into a 

25 predetermined size (particularly, width) . Further, the 
thickness of each insulating strips 2A' can be easily adjusted. 
Subsequently, as shown in Fig. 4A, conductive layers 3A' 

7 



are formed at regions between adjacent insulating strips 2A' . 
Then, solder layers 39A' are formed on the respective 
conductive layers 3A' . The conductive layers 3A' are the base 
to become electrodes 3 and may be formed by copper plating, 
5 for example. By the plating process, it is possible to prevent 
a gap from being formed between each of the conductive layers 
3A' and the adjacent insulating strip 2A' . Therefore, the 
spacing between adjacent conductive layers 3A' becomes equal 
to the width of each insulating strip 2A' . As noted above, 

10 each insulating strip 2A' is precisely formed into a 
predetermined width by thick film printing. Therefore, the 
spacing between adjacent conductive layers 3A' (and hence, the 
spacing between a pair of electrodes 3) can be precisely formed 
into a predetermined dimension. Further, in the plating 

15 process, the thickness of each conductive layer 3A' can be 
controlled by adjusting the processing time. Therefore, the 
thickness of each electrode 3 and that of the first insulating 
layer 2A can be easily made generally equal to each other. The 
solder layers 39A' can also be made by plating process. 

20 As shown in Fig. 4B, after the above plating process, 

punching is repetitively performed with respect to the plate 
1A. Preferably, in the punching, a single punching die (not 
shown) is repetitively used. By this process, a plurality of 
identical resistor elements can be obtained from the plate 1A. 

25 Specifically, the punching is performed with respect to each 
of rectangular regions indicated in Fig. 4B (by single-dot 
chain lines) . The rectangular regions are arranged in a matrix, 



and adjacent rectangular regions are spaced from each other 
by a predetermined distance s 2 . As shown in the figure, the 
center portion of each of the rectangular regions overlaps the 
insulating strip 2A' , whereas two end portioris flanking the 
center portion overlap the solder layers 39A' . By performing 
punching with respect to such rectangular regions, intended 
chip resistors Al can be obtained. 

As compared with the prior art manufacturing method (Fig. 
12), the above method for manufacturing a chip resistor has 
the following advantages. In the prior art method, the metal 
plate 91' is mechanically cut (ST3 in Fig. 12) to provide a 
pair of electrodes 91 spaced from each other. The spacing 
distance bet ween the two electrodes 91 (S 6 in Fig. 11) has an 
influence on the resistance of the chip resistor. Therefore, 
to adjust the resistance to an intended value, the cutting of 
the metal plate 91' need be performed precisely. Since such 
cutting operation need be performed carefully and takes a long 
time, the productivity of the chip resistor is deteriorated. 
In the manufacturing method of the present invention, as 
described with reference to Fig. 4A, the spacing distance 
between the paired electrodes 3 can be set precisely and 
extremely easily by the plating process. 

In the present invention, to obtain a plurality of 
resistor elements from the plate 1A, cutting means such as a 
shearing machine or a rotary cutter may be used instead of the 
above-described punching (See Fig. 4B) . In this case, the 
plate 1A shown in Fig. 4A is first cut along the cutting lines 



CI indicated in Fig. 5. (Each of the cutting lines CI extends 
perpendicularly to the longitudinal direction of the 
insulating strips 2A' and the conductive layers 3A' ) . As a 
result, a plurality of resistor aggregates Al' each in the form 
5 of a bar as shown in Fig. 6A are obtained. Subsequently, as 
shown in Fig. 6B, each of the resistor aggregates Al' is cut 
along the cutting lines C2 . As a result, a plurality of chip 
resistors Al are obtained from a single resistor aggregate Al' . 
The chip resistor Al of the present invention can be 

10 surface-mounted on a circuit board by reflow soldering, for 
example. Specifically, the chip resistor Al is placed on the 
circuit board so that each electrode 3 (solder layer 39) comes 
into contact with a terminal provided on the circuit board. 
In this state, the circuit board and the chip resistor Al are 

15 heated in a reflow oven. Thereafter, the molten solder is 
cooled for hardening, whereby the chip resistor Al is fixed 
to the circuit board. 

Generally, in surface-mounting a chip resistor by reflow 
soldering, molten solder may be pressed out from between the 

20 electrode of the resistor and the circuit board. In such a 
case, in the prior art chip resistor (Fig. 11), the molten solder 
may adhere to the lower surface of the resistor element 90 
(inter-electrode region), which may hinder the obtaining of 
a predetermined resistance. However, in the chip resistor Al 

25 (Figs. 1 and 2) of the present invention, the inter-electrode 
region of the resistor element 1 is covered by the first 
insulating layer 2A. Therefore, molten solder does not adhere 



to the inter-electrode region. 

Further, the upper surface 10a of the chip resistor Al 
is covered by the second insulating layer 2B. With such a 
structure, the upper surface 10a is prevented from undesirably 
5 coming into contact with another conductive member. 

In the present invention, the thickness t 2 of the first 
insulating layer 2A and the thickness t x of the electrode 3 are 
made equal or generally equal to each other. In the latter 
case, either t 2 is greater than t x (t 2 . > t x ) or the reverse (t 2 

10 < t x ) . In the case where t 2 > t lf t 2 is so set that the first 
insulating layer 2A does not project downward beyond the lower 
surface of the solder layer 39, for example. In the case where 
t 2 < t lr t 2 is set within the range described below. First, 
the chip resistor Al is regarded as a simple beam (opposite 

15 ends of the resistor element 1 are supported by the paired 
electrodes 3) . The resistor element 1 is assumed to 
resiliently deform by receiving uniformly distributed load. 
In this case, the maximum bending stress a max and the maximum 
deflection 6 max produced in the resistor element 1 are given 

20 by the following formulae 1 and 2. 

= (1) 

C 4 

_ 5w-s x 

max " 384£/ (2) 
where w is the uniformly distributed load to be exerted 
to the resistor element 1, E is the longitudinal elastic modulus 
25 of the resistor element 1, s 2 is the dimension between the 

11 



electrodes 3, Z and I are respectively the modulus of section 
and the geometrical moment of inertia of the resistor element 
1 which are defined by the following formulae 3 and 4. 

Z = \ b h 2 (3) 

where b is the width of the resistor element 1, and t 3 is 
the thickness of the resistor element 1. From the formulae 
1 through 4 , the maximum deflection 5 max when the maximum bending 
stress o max reaches the elastic limit o y is obtained and 
10 represented as the formula 5 below. 

c 5 <y y s { 2 

When the thickness t 2 is smaller than the thickness t lf 
the thicknesses are so set that the relation represented by 
the following formula 6 be established. When the difference 

15 between the thicknesses t x and t 2 lies in the range represented 
by the formula 6, the inter-electrode region of the resistor 
element 1 flexes until the surface of the first insulating layer 
2A becomes flush with the electrodes 3 and is thereafter 
supported by the mount surface of the circuit board (on the 

20 assumption that the mount surface of the circuit board is flat) . 
Therefore, the maximum bending stress a max produced in the 
resistor element 1 does not reach the elastic limit a y , so that 
the resistor element 1 is prevented from being damaged. 
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5 o- c 

f, -r 2 < (6) 

1 2 24 £ / 3 

The "elastic limit'' in the present invention means yield 
stress in the case of iron and steel materials, and 0.2% proof 
stress in the case of non-ferrous materials. In the above 
5 embodiment, materials such as Ni-Cu-based alloy, Cu-Mn-based 
alloy and Ni-Cr-based alloy for forming the resistor element 
1 are non-ferrous materials. Therefore, as the elastic limit 
o y it is proper to use 0.2% proof stress of these materials. 
Examples of values to be assigned to the right side of 

10 the above formula 6 are as follows. The dimension s 1 (between 
the electrode 3) = 5mm, the thickness t 3 (of the resistor element 
1) = 0.5mm, the longitudinal modulus E (of the resistor element 
1) = 130GPa, and the 0.2% proof stress o y = 360MPa. In this 
case, from the formula 6, t 1 - t 2 is found to be no greater than 

15 about 30|im. It is to be noted that the values herein described 
are merely examples, and values need be set appropriately with 
respect to each individual chip resistor. In the value setting, 
the material of the resistor element, the size of the chip 
resistor, the positional relationship with the object for 

20 mounting (e.g. circuit board), the reference amount for 
defining the damage to the resistor element 1 (e.g. flexed 
amount, stress) are considered, for example. 

Fig. 7 shows a chip resistor A2 according to a second 
embodiment of the present invention. The chip resistor A2 has 

25 the same structure as that of the chip resistor Al of the first 
embodiment except the following points. In the first 

13 



embodiment, the first insulating layer 2A has a uniform 
thickness. In the second embodiment, the thickness of the first 
insulating layer 2A is not uniform. Specifically, as shown 
in Fig. 7, the first insulating layer 2A of the second embodiment 
5 is trapezoidal in section. The thickness at the center portion 
of the trapezoid (i.e. the maximum thickness of the first 
insulating layer) t2' is equal or generally equal to the 
thickness tl of the third electrodes 3. Also with such a 
structure, the paired electrodes 3 and the first insulating 
10 layer 2A can bear the impact force applied to the chip resistor 
A2. 

Figs. 8A and 8B show a chip resistor A3 according to a 
third embodiment of the present invention. As will be 
understood from Fig. 8B, in the chip resistor A3, four 

15 electrodes 3 are provided on the lower surface of the resistor 
element 1. Of the lower surface of the resistor element 1, 
the regions at which the four electrodes 3 are not provided 
are covered by the first insulating layer 2A. Other structures 
of the chip resistor A3 are substantially the same as the chip 

20 resistor Al of the first embodiment. 

For example, the chip resistor A3 can be used as follows. 
Among the four electrodes 3, two electrodes 3 are used as current 
electrodes, whereas the other two electrodes 3 are used as 
voltage electrodes. In the current detection of an electric 

25 circuit, the pair of current electrodes 3 is connected in series 
to the current path of the electric circuit. To the pair of 
voltage electrodes 3, a voltmeter is connected. Since the 



resistance of the chip resistor A3 is known, the voltage drop 
at the resistor element 1 of the chip resistor A3 is measured 
by using the voltmeter. By applying the measured value to the 
Ohm's law formula, the current flowing through the resistor 
5 element 1 can be found. 

In the chip resistor of the present invention, more than 
four electrodes may be provided. For example, in the case 
where the number of electrodes is increased, only some of the 
electrodes may be used. 

10 Figs. 9A and 9B show a chip resistor A4 according to a 

fourth embodiment of the present invention. As shown in Fig. 
9B, the lower surface of the resistor element 1 is provided 
with three pairs -of electrodes 3a, 3b and 3c. The electrodes 
3a of the first pair are spaced from each other by a distance 

15 s 3 . Similarly, the electrodes 3b of the second pair are spaced 
from each other by a distance s 4 , and the electrodes 3c of the 
third pair are spaced from each other by a distance s 5 . 
Although these distances are so set to satisfy s 3 > s 4 > s 5 in 
the illustrated example, the present invention is not limited 

20 thereto. Further, although the right one of each pair of 
electrodes 3a-3c is arranged along the right edge of the 
resistor element 1, the electrodes may be arranged otherwise. 

The above chip resistors A3 and A4 can be manufactured 
by a method similar to the method for manufacturing the chip 

25 resistor Al of the first embodiment. With the method, the 
insulating layer 2A' as the base to become the insulating layer 
2 A is formed into a pattern by a thick film printing . Therefore, 



it is possible to provide insulating layers which match various 
patterns of electrodes 3 of different number, configuration 
and arrangement. 

Fig. 10 shows a chip resistor A5 according to a fifth 
5 embodiment of the present invention. The structure of the chip 
resistor A5 is basically the same as that of the chip resistor 
Al of the first embodiment except that third insulating layers 
2C for covering two opposite side surfaces 10c of the resistor 
element 1 are provided. With such a structure, the adhesion 

10 of e . g . molten solder to the side surfaces 10c can be prevented. 
The third insulating layer 2C can be easily provided by forming 
an insulating layer on a side surface of the resistor element 
material 1A' in the form of a bar shown in Fig. 6A. 

The present invention being thus described, it is apparent 

15 that the same may be varied in many ways. Such variations 
should not be regarded as a departure from the spirit and scope 
of the present invention, and all such modifications as would 
be obvious to those skilled in the art are intended to be 
included within the scope of the following claims. 
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